Since May 2006, the BRAC Water, Sanitation and Hygiene (WASH) Programme in Bangladesh has enabled more than 30 million people to achieve hygienic sanitation, contributing to an increase in sanitation coverage from 33 to 83% in programme areas and rapid progress towards universal access. In rural areas, most families have single pit latrines that need to be emptied when full. Since 2007, BRAC has promoted the use of hygienic double-pit latrines. Use of double-pit latrines, where appropriate, is also recommended in the Bangladeshi Draft National Water Supply and Sanitation Strategy. More than 800,000 double-pit latrines are in use in BRAC WASH areas, delaying the need for emptying and allowing time for the fecal matter to decompose while the resting pit is sealed. This paper focuses on a study undertaken by BRAC WASH to treat and safely use fecal material from double pit latrines as an organic fertilizer for rice and other crops. The study investigated the removal of pathogens from pit waste through simple solar drying and conducted analysis on nutrient properties of fecal sludge. The study showed a significant positive impact on developing organic fertilizer from fecal sludge.
INTRODUCTION
In 2006, BRAC initiated a comprehensive intervention on Water, Sanitation, and Hygiene (WASH). The programme originally covered 150 upazilas (sub-districts) and subsequent phases expanded to 250 upazilas out of the total of 488 upazilas of Bangladesh. The programme promotes the use of sanitary latrines that separate feces from human contact and do not cause contamination of water sources. At the outset, the programme promoted single-pit latrines but since 2007 has championed double pit models, with the preferred option now being a double-pit latrine where the superstructure remains in place and a switching system directs material to one of the two pits ( Figure 1) (BRAC a) . By the end of 2013, more than 800,000 households had received a double-pit latrine with support from BRAC. Latrine provision alone is not sufficient to ensure safe sanitation. Promoting latrine use and good hygiene practices in the community have been major focal areas of the BRAC WASH programme. In addition, action is required to deal with human waste once hygienic latrines fill up. Environmentally safe collection, transport, treatment, and productive reuse of treated human waste within a well-constructed and well-managed sanitation service delivery chain has the potential to safeguard the environment, improve public health, and provide financial benefits to users and service providers (Graham & Polizzotto ) .
This study looked at fecal sludge recovered from typical double-pit latrines in rural Bangladesh. Typically these pits comprise three concrete rings to form the pit lining, and a latrine cover made from wood and other 'natural' materials ( Figure 1 ).
Usually the first pit is covered with a lid and sealed by cement for a year or more before emptying. Although it is usually assumed that disease-causing organisms will be destroyed by natural processes during this time, concerns remain about the risk of contamination from the fecal sludge of these latrines (Tilley et al. ) .
It is assumed that during this composting process temperatures are sufficiently elevated for an adequate amount of time to destroy pathogens. However, according to previous studies the majority of composting latrines in developing countries do not reach high enough temperatures for complete pathogen inactivation. These studies suggest that desiccation at high pH may be the primary mechanism for pathogen inactivation (Kone et al. ; Mehl et al. ) .
The implication of pathogen removal from the fecal sludge of a double pit latrine is connected with the scope to reuse it as organic fertilizer. Bangladesh soil is highly depleted in organic content. Status of organic matter is below 1% in 0.76 million ha and between 1 and 1.7% in 2.87 million ha of land (Akter et al. ) . The risk of using fecal sludge as organic fertilizer is the pathogen content of it. Fecal sludge contains pathogens that can be of great risk to the users such as the pit emptier, transport person and farmers. It is of high risk to the farmers because of their mode of application of the sludge as organic fertilizer in the field (Singh & Agrawal 8). Farmers have direct contact with the sludge when spreading it in the soil; they collect raw fecal sludge from pits and use it in the field without any safety gear such as gloves, masks, etc. 
MATERIAL AND METHODS
Pathogen inactivation in composting latrines is dependent on temperature, pH, moisture, and storage time. However, the conditions required to inactivate pathogens are specific to different pathogens. The main categories of pathogens found in human excrement in composting latrines can be categorized as: viruses, bacteria, protozoa and helminths.
Viruses were not analyzed in this research because this research aimed to reuse fecal sludge from a double pit latrine. In double pit latrines, users rotationally use the two pits. When the first one fills up they use the second.
When the second one fills up they use the first one again.
Meanwhile, the content of the first pit has dried up and can be used as fertilizer if it is scooped out before being used again. Samples analyzed in this research were collected after storage of 14-18 months, which is much greater than the survival period of viruses in feces (Strauch ) . Escherichia coli was chosen as indicator bacteria because of its capacity to survive in different conditions (Edberg et al. ) .
Helminths are of special consideration, especially the eggs of Ascaris lumbricoides. This is because A. lumbricoides 
RESULTS
The presence of E. coli and A. lumbricoides was analyzed as indicator pathogen of the 70 samples (Table 1 ). In four of the 70 samples, 0 cfu/g of E. coli was found. In the other 66 samples, the E. coli content was 1 cfu/g. The segregation of E. coli is described in Figure 3 . Among the 70 samples, 48 samples had levels of E. coli of 1,000 cfu/g. No Salmonella or Shigella was found in the samples.
Out of 70 samples, 21 samples were found to be negative with regards to Ascaris ova. In 38 samples the load was 100 Ascaris ova. The maximum number of ova found in one sample was 6,000. Figure 4 illustrates the range of Ascaris ova found in the samples. 0 cfu/gm was found after 144 days of drying. Figure 5 shows the rate of reduction of E. coli. 
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Sample 1 35 moisture is relatively high and the pH value is less than the characteristics of the Bangladesh organic fertilizer standard (BARC ), whereas Figure 8 shows that moisture reduced and pH increased significantly after drying in all three subsamples in a uniform manner.
DISCUSSION
This research started with a view to produce organic fertilizer from the digested fecal sludge of a double pit latrine. The BRAC WASH programme has provided this latrine to Samples 2 and 3 showed 0 Ascaris ova viability after 60 days of drying. The three samples were also analyzed for physical and chemical parameters. Most of the parameters remained the same as before apart from moisture and pH.
Moisture reduced significantly with drying whereas pH increased, which improves the quality of the sludge as organic fertilizer. The whole process was repeated and the same pattern of results during the repetition period was found. This indicates that the process can be performed as a means of pathogen removal from pit latrine contents and it has an important role in reducing moisture and increasing pH of the sludge. Thus, it can be used as a protocol to develop pathogen free organic fertilizer from double pit latrine contents.
Previous studies on solar drying as a means of pathogen removal have proven successful to reduce the content but they did not reach a level allowing unlimited use of fecal sludge in agriculture (Sypula et al. ) . This study has combined the anaerobic digestion of fecal sludge with solar drying. The increase of pH has also played a role in the pathogen removal process. pH of the three samples raised during the sun drying process is about 1.8-1.9 which is sufficient to meet the standard in this process. The combination of anaerobic digestion with aerobic drying was a new initiative and was found to be successful. BRAC WASH has provided 1.1 million double pit latrines to the community. Following the same method, many individuals have constructed this type of latrine in their households. As most of the double pit latrines are in the rural areas of Bangladesh, these pits can serve the farmers with a huge amount of organic fertilizer per year. Bangladeshi soli is highly depleted of organic content and needs organic supplements (Akter et al. ) . Thus safe reuse of fecal sludge can be a good source of organic content for the soil. Traditionally farmers of Bangladesh uses raw pit latrine content in their soil as fertilizer, especially during the cultivation of vegetables. This is unsafe for the farmer and also for the consumer. Eight hundred thousand latrines may produce approximately 16,000 Mg of organic fertilizer which can
